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Abstract: During puberty, the growth of the bones is faster than that of the muscles, which may result in 
muscular tightness. Muscular tightness and asymmetry have been associated with an increase in injury 
incidence. The assessment of a joint range of motion (ROM) could help to identify athletes classified as high 
injury risk. The objectives of the present study were to describe the lower-extremity flexibility profile (LEFP) 
of youth competitive inline hockey players using the ROM-SPORT battery (I) and to identify muscular 
tightness and asymmetry (II). Seventy-four young players were examined for maximum passive ankle, knee, 
and hip ROMs. Muscle asymmetry or tightness was classified according to cutoff scores previously described. 
The LEFP of the 74 players was 10.8º for hip extension, 26º for hip adduction, 33.6º for ankle dorsiflexion, 
38.6º for ankle dorsiflexion with knee flexed, 36.7º for hip abduction, 46º for hip internal rotation, 60.6º for 
hip external rotation, 65.1º for hip abduction with the hip flexed, 66.3º for hip flexion with the knee extended, 
119.7º for knee flexion, and 133.7º for hip flexion. The individual analysis of the flexibility values identified 
tightness in all players for one or more movement, except for hip abduction. A low prevalence of 
asymmetries was observed (range: 5.4% to 17.6% of players) depending on the ROM. 
Keywords: young athlete; injury risk; athletic development; tightness; asymmetry; ROM-SPORT batter 
 
1. Introduction 
Inline hockey (IH) has become an increasingly popular sport in Spain during the last decade, with the 
senior women’s and men’s national IH teams placed in the top ten in the IH World and European 
Championships [1]. IH is a dynamic team-based sport characterized by constant changes in speed and direction 
over different distances. To achieve high levels of performance, IH players must have high levels of skating 
and stick handling skills such as passing, receiving, driving, hitting, or shooting [2–5]. Due to the demanding 
physical requirements of this sport, sports science experts consider physical fitness an essential factor to 
maintain optimal technical-tactical performance in competition during the season [6–8].  
Muscle flexibility is one of the key components of athletic performance together with strength, 
endurance, speed, and coordination [6,9,10]. Several studies have demonstrated that higher levels of 
performance in physical-technical sports (sprint, jump, agility, shooting, dynamic balance) are related to high 
levels of lower-limb muscle flexibility and range of motion (ROM) [11–15]. In addition, it has been suggested 
that muscle tightness and limited ROM increase the sports injury risk [16–19]. 
One of the mechanisms that may contribute to muscle tightness in young athletes is the growth spurt 
[20]. This phenomenon consists of a rapid growth period during puberty, where the bone growth (length 
achieved by the extremities) is faster than the adaptation of the muscles attached to the bones [20,21]. This 
temporary situation (commonly known as “adolescent motor awkwardness”) contributes to a decrease in 
muscle–tendon extensibility in postural and biarticular muscles, which may produce substantial limitations on 
 the range of motion (ROM) on joint extremities [22]. This mechanism explains why muscular tightness is an 
important factor associated with the incidence of injury in young athletes [20–22]. Another factor affecting 
the restrictions of ROM in young IH players, and therefore an increased injury risk factor, is the high 
requirements in terms of physical fitness of IH players [23]. The exposure of an immature musculoskeletal 
system to high loads (compressive, torsional, transverse, and tensile) and repeated movements used in 
technical actions of IH during training and competition, cause physical stress and fatigue on the muscles [24]. 
When such loading is not compensated with adequate management measures and enough recovery time, 
changes in the muscle–tendon units may result in alterations in their mechanical and neuronal properties 
including muscle tightness and ROM reduction [25,26]. In addition, the lack of a systematic training program 
for flexibility could be a significant cause in limited ROM, and therefore linked to increased injury incidence 
[27–29] and injury risk [16,30,31]. Some studies have been performed in ice hockey, which shares similar 
physical and technical demands with IH, and have described a relation between hip ROM values and non-
contact hip injuries [32] and groin strain [33–36]. 
The assessment of the muscular lower-extremity flexibility profile (LEFP) of elite IH players is essential to 
aid physical trainers to design, adapt, control, and monitor the physical conditioning and manage the injury 
risk of players [37]. The LEFP is determined by eleven ROM values corresponding to the main lower limb joints 
movements [7–37]. The assessment of ROM values in these elite players allows the ability to establish 
reference values for young IH players [37]. Moreover, the analysis of individual flexibility profiles helps to 
identify players with muscular tightness and/or asymmetry in a range of lower limb ROMs [22,32]. The 
knowledge of ROM, specifically in young IH players, may help coaches and physical trainers improve flexibility 
throughout growth and maturation and establish a long-term model for athlete development [38].  
Therefore, the objectives of the present study were to describe the LEFP of young IH players using the 
ROM-SPORT battery (I) and to identify players with muscular tightness and asymmetry in each movement (II).  
2. Method 
2.1. Sample 
Participants were selected through a convenience sample from the Technification Plan determined by 
the Real Federación Española de Patinaje in the 2016/17competitive season, in which the best IH players of 
the Regional Community were selected. Ninety competitive IH players were designated to participate in this 
study. Following the inclusion criteria, those who were from 8 to 15 years of age and were playing within the 
Real Federación Española de Patinaje categories of “Benjamin” (U11, n = 24) “Alevin” (U13, n = 30), and 
“Infantil” (U15, n = 20) were included in the study (Table 1). Due to the nature of their position, goalkeepers 
were not included in the current study. None of the 74 assessed participants presented a history of 
musculoskeletal problems in the lower limb and lower back in the last 3 months. Any players with self reported 
delayed onset muscle soreness on the evaluation day were excluded due to the impact this may have on 
players’ movement competency, joint ROM, and muscle extensibility [39,40]. Additionally, players who did 
not complete the descriptive questionnaire or did not complete the entire ROM-SPORT battery were excluded. 
 
Table 1. Demographic data (mean ± standard deviation) for the youth competitive inline hockey players in this 
study (n = 74). 
Demographic data Minimum value Maximum value Total value 
Age (y) 8.0 15.0 11.6 ± 1.6 
Body mass (kg) 27.0 71.9 49.1 ± 10.9 
Stature (cm) 130.0 173.6 152.1 ± 10.3 
Body mass index (kg/m2) 15.0 28.1 20.9 ± 3.3 
Years playing IH, (y) 2.0 7.0 3.2 ± 1.5 
Months per year of IH practice 8.0 11.0 9.8 ± 0.8 
Days per week of IH practice 2.0 3.0 2.9 ± 0.3 
Hours per week of IH practice 3.0 7.5 4.4 ± 1.3 
 Before participation in this study, testing procedures and potential risks were fully explained to the 
parents and players in verbal and written form. Written informed consent was obtained from the parents of 
all participants. 
The testing procedure was following the Declaration of Helsinki and was approved by the Ethics and 
Scientific Committee of the University of Murcia (Spain) [ID: 1702/2017]. 
2.2. Testing Procedure 
2.2.1. Questionnaire and Anthropometric Data 
Before data collection, players completed a questionnaire about their IH-related background (playing 
position, performance level, dominant lower limb, years and months of experience in IH), and characteristics 
of sports participation (weekly training sessions, training hours per session, and the number of stretching 
exercises and duration per training session). The information obtained in the questionnaire was cross-referred 
with the trainer and parents to increase the objectivity. Data from the questionnaires indicated that the 
sample was homogeneous in potential confounding variables, such as age, body weight, stature, body mass 
index, training and game participation (a competitive match and 2–3 days of training per week), climatic 
setting, competitive level, rest periods, and sport/training experience/age. In addition, none of the players 
were involved in regular strength and flexibility programs during the season. Players did not regularly perform 
stretching exercises either in the warm-up or in the cool-down of training and competition. Data were 
collected 3 days into the competitive season and this time frame was selected to ensure that there was 
stability in the players recruited. Anthropometric measurements (body mass, stature, and body mass index) 
were obtained by the lead researcher at the start of the assessment session. 
2.2.2. The Assessment Procedure ROM 
The 11 maximum passive ROM tests of the ROM-SPORT battery were used to assess the participants 
[41,42]. For speed and ease of administering the battery of tests, and to minimize changing position, each 
participant was assessed using the methodology of the ROM-SPORT battery [7–40] (Figure 1) for the dominant 
and non-dominant limb in the following order: ankle dorsiflexion with knee flexed (ADF-KF) for soleus, 
dorsiflexion with the knee extended (ADF-KE) for gastrocnemius, hip external rotation (HER) for internal 
rotator muscles and hip internal rotation (HIR) external rotator muscles, hip flexion with the knee flexed (HF-
KF) for gluteus maximus, hip flexion with the knee extended (HF-KE) for hamstrings, hip adduction with the 
hip flexed at 90º (HAD-HF) for the piriformis, hip abduction with the hip flexed at 90º (HAD-HF) for 
monoarticular adductors, hip abduction (HAB) for adductors, hip extension with the knee flexed (HE) for 
iliopsoas, and knee flexion (KF) for quadriceps of the dominant and nondominant sides were assessed 
following the methodology of the ROM-SPORT battery [41,42] (Figure 1). The measurement results of each of 
these ROMs in ascending order to determine the LEFP in the IH players of the present study [7–37] (Table 2). 
These tests were selected because they have been considered appropriate by the American Medical 
Association [43] and are included in musculoskeletal measurement books [43–47] because they demonstrate 
excellent reliability [42–48] and validity [49,50]. In addition, the current study determined the intra-examiner 
reliability for each muscle flexibility measure using a test–retest design. 
Before the main data collection, the absolute reliability coefficient was evaluated on 20 healthy athletes. 
The ROM tests were measured twice 2-weeks apart. An intraclass correlation coefficient (ICC) and the minimal 
detectable change at a 95% confidence interval (MDC95) were calculated from the subsequent measurements. 
Results of pre-measurement and post-measurement sessions displayed a high ICC in all the tests (0.94 to 0.97). 
The MDC95 for each ROM measure ranged from 3.7º to 6.9º [41,42].  
Three weeks before the study, all the IH players performed a familiarization session to learn the correct 
technical execution of each movement. The dominant side was defined as the participant’s preferred kicking 
leg [37,51]. The methodology for ROM assessment was identical in both body sides, and values were obtained 
by the same examiners (one conducted the tests and the other ensured the proper testing position of the 
participants throughout the assessment maneuver) under stable environmental conditions. The ROM was 
measured using an ISOMED Unilevel inclinometer (Portland, Oregon) with an extendable telescopic rod. A 
metal goniometer with a long arm (Baseline® Stainless) was used to measure the hip abduction ROM and 
lumbar support (Lumbosant, Murcia, Spain) was used to standardize the lumbar curvature. Before each 
assessment session, the inclinometer was calibrated to either 0° with the vertical or horizontal. The angle 
 between the longitudinal axis of the mobilized segment was recorded (following its bisector) with the vertical 
or horizontal plane. The endpoint for each test was determined by one or both of these criteria: (1) the 
athlete´s feeling a strong but tolerable stretch, slightly before the occurrence of pain; (2) one or both 
examiners (main and assistant) detected a palpable compensatory movement that may increase the ROM 
[42]. The stretching sensation was held for approximately 2 s, to allow enough time to stabilize the movement 
and to take the measure. Two measures were recorded for each ROM test and each side. The mean of the 
two scores was recorded and used for statistical analysis. A 45 s rest was given between repetitions and side 
in each ROM test.  
At the beginning of the testing session, IH players completed a standardized warm-up consisting of 5 min 
jogging at moderate intensity (10–12 Borg-scale) and 15 repetitions of dynamic stretching of the evaluated 
muscles [52]. The warm-up session lasted about 12–15 min. Participants were examined wearing appropriate 
sports clothes to enable joint identification and without shoes.  
2.3. Statistical Analysis 
The distribution of each variable was examined using the Kolmogorov–Smirnov normality test and 
homogeneity of variance was verified with a Levene test. Both tests confirmed that not all data was normal 
distribution and homoscedastic. 
Descriptive statistics including mean and SDs were generated for the 11 ROM measurements. The 
Wilcoxon test was used to assess the relationship between the values of the dominant and non-dominant 
sides. The magnitude of the effect size was classified as previously described by Hopkins et al. [53] as trivial 
(<0.2), small (0.2 to 0.59), moderate (0.6 to 1.19), large (1.20 to 2.00), very large (2.00 to 3.99), or extremely 
lage (>4.0). Asymmetry was considered when the magnitude of the effect size was moderate, which is 
established as the minimum level of relevant effect with practical application [53], or higher than moderate.  
An individual analysis of the ROM values was performed to identify the number of players with muscle 
asymmetry and tightness. The asymmetry was established according to reference scores previously published 
in the scientific literature [37–54], which were 6º for low ROM (HE, HAD-HF, ADF-KE, ADF-KF, and HAB) and 
10º for the high ROM values (HER, HIR, HAB-HF, HF-KE, KF, and HF-KF). The muscle tightness was considered 
when ROM values were lower than the following cut-off scores: 13º in HE [55], 30º in HAD-HF [43–56], 30º in 
ADF-KE, 45º in ADF-KF [44–57], 28º in HAB [55], 45º in HIR [44–58], 50º in HER[43], 80º in HAB-HF [59], 88º in 
HF-KE [60], 132º in KF [55], and 135º in HF-KF [43]. These reference cut-off values for normal or limited ROM 
has been associated with sport risk injury [55,60,61]. In cases where no cut-off values were previously 
established in the sport, we used as reference values those reported by clinical experts [44–47,56] for the 
general population from 18 to 60 years old. In the case of having cut-off values from both sources, the most 
restrictive criteria (the highest cut-off value) were used. The comparison between the mean values of the 
normal and muscular tightness groups in each of the ROMs assessed was calculated with the Mann–Whitney 
U-test. The effect size of each variable was analyzed with Pearson´s r among the groups [limited ROM vs. 
normal ROM] (0.0–0.39 low effect, 0.4–0.69 medium effect, and 0.7–1 high effect) [62].  
Data were analysed using SPSS version 24 (SPSS Inc., Chicago, IL, United States). For all analyses, 
statistical significance was accepted at the 95% confidence level for all statistical parameters (p < 0.05). 
3. Results  
Seventy-four IH players satisfied the pre-specified inclusion and exclusion criteria.  
Asymmetry (p ≤ 0.009) was observed in the HAD (Dom 25.4º vs. No Dom 27.3º), ADF-KF (38.2º vs. 39.1º), 
and HAB (37.4º vs. 36.1º); however, the effect size was categorized as trivial or small (d ≤ 0.59). Although there 
were statistically significant differences between the mean ROM values of the dominant and the non-
dominant side for HAD, ADF-KF, and HAB, these differences are not clinically relevant (size effect: d ≤ 0.59, 
trivial or small) for the physical-sport practice [53]. This is why the mean values of both left and right body 
sides ROMs were used to describe the LEFP for youth IH players (Table 2).  
Figure 1 shows the comparison of LEFP of these IH players with the general population values. We can 
observe that youth IH players displayed lower values in ADF-KE (−2º), ADF-KF (−1.3º), HAB (−2.2º), HER (−9.4º), 
and HF-KE (−4.6º) and higher values for HE (−2.4º), HIR (−24.5º), KF (+16.7º), and HF (+2.2º) than the general 
population (Figure 1). 
 
  
Figure 1. Comparison of lower-extremity flexibility profile in the 74 youth competitive inline hockey players 
with the general population values [37–40,51] and number of inline hockey players with limited range of 
motion. Hip extension test; HAD-HF: hip adduction with the hip flexed 90º extended test; ADF-KE: ankle 
dorsiflexion with the knee extended test; ADF-KF: ankle dorsiflexion with knee flexed test; HAB: hip abduction 
test; HIR, hip internal rotation test; HER: hip external rotation test; HAB-HF: hip abduction with the hip flexed 
90º test; HF-KE: hip flexion with the knee extended test; KF: knee flexion test; HF-KF, hip flexion with knee 
flexed test. 
The individual analysis of each player detected asymmetry for HAB (n = 13), HAD-HF (n = 9), HE (n = 7), 
ADF-KE (n = 5), HER (n = 4), ADF-KF (n = 4), HIR (n = 2), HAB-HF (n = 1), HF-KE (n = 1), HF-KF (n = 1) ROMs. 
Concerning the muscular tightness, limited ROM was observed in the HF-KE (n = 74), HAB-HF (n = 72), KF (n = 
70), HAD-HF (n = 65), ADF-KF (n = 64), HE (n = 55), HIR (n = 51), HF-KF (n = 40), ADF-KE (n = 20), and HER (n = 
2) (Table 3; Figure 1). The Mann–Whitney U test displayed significant differences between the groups 
classified as “normal” and “limited” in the movements assessed (p ≤ 0.016) with a “moderate” or “high” effect 
size (r ≥ -0.411), except for HAB (adductors) and HF-KE (hamstrings).  
Table 2. Lower-extremity flexibility profile in 74 youth competitive inline hockey players. 
Range of motion Minimum value Maximum value Total ROM† 
HE (iliopsoas) 1º 23º 10.8 ± 5.0º 
HAD-HF (piriformis) 16º 38º 26.0 ± 3.8º 
ADF-KE (gastronemius) 23º 52º 33.6 ± 5.2º 
ADF-KF (soleus) 26º 54º 38.6 ± 5.9º 
HAB (adductors) 30º 45º 36.7 ± 2.9º 
HIR (external rotator muscles) 27º 65º 46.0 ± 8.0º 
HER (internal rotator muscles) 43º 70º 60.6 ± 6.6º 
HAB-HF (monoarticulares adductors) 51º 83º 65.1 ± 6.8º 
HF-KE (hamstrings) 54º 86º 66.3 ± 6.7º 
KF (quadriceps) 97º 138º 119.7 ± 8.6º 
HF-KF (gluteus maximus) 116º 147º 133.7 ± 6.6º 
† Values are expressed as mean ± standard deviation; HE: hip extension test; HAD-HF: hip adduction with hip 
flexed 90º extended test; ADF-KE: ankle dorsiflexion with knee extended test; ADF-KF: ankle dorsiflexion with 
 knee flexed test; HAB: hip abduction test; HIR, hip internal rotation test; HER: hip external rotation test; HAB-
HF: hip abduction with hip flexed 90º test; HF-KE: hip flexion with knee extended test; KF: knee flexion test; 
HF-KF, hip flexion with knee flexed test. 
Table 3. Range of motion (ROM) classified in normal versus limited categories (mean ± standard deviation) in 
74 youth inline hockey players. 
Variables 
Limited ROM Normal ROM 
r 
p-
Value n (%) Mean ± SD n (%) Mean ± SD 
HE (iliopsoas) 55 (74.3%) 8.7 ± 3.5º 19 (25.7%) 17.1 ± 3.4º −0.726 0.000 
HAD-HF (piriformis) 65 (87.8%) 25.2 ± 3.1º 9 (12.2%) 32.2 ± 3.2º −0.598 0.000 
ADF-KE (gastronemius) 20 (27%) 27.7 ± 2.1º 54 (73%) 35.9 ± 4.3º −0.696 0.000 
ADF-KF (soleus) 64 (86.5%) 37.1 ± 4.7º 10 (13.5%) 48.5 ± 2.8º −0.661 0.000 
HAB (adductors) 0 (0%) - 74 (100%) 36.7 ± 2.9º - - 
HIR (external rotators) 51 (68.9%) 42.1 ± 6.2º 23 (31.1%) 54.7 ± 3.8º −0.731 0.000 
HER (internal rotators) 2 (2.7%) 43.0 ± 0.0º 72 (97.3%) 61.2 ± 6.1º −0.445 0.016 
HAB-HF (adductors 
monoarticular) 
72 (97.3%) 64.6 ± 6.4º 2 (2.7%) 82.0 ± 1.4º −0.411 0.016 
HF-KE (hamstrings) 74 (100%) 66.3 ± 6.8º 0 (0%) - - - 
KF (quadriceps) 70 (94.6%) 
118.9 ± 
7.9º 
4 (5.4%) 135.5 ± 2.1º −0.440 0.001 
HF-KF (gluteus maximus) 40 (54.1%) 
129.0 ± 
5.0º 
34 (45.9%) 139.3 ± 3.1º −0.775 0.000 
Hip extension test; HAD-HF: hip adduction with hip flexed 90º extended test; ADF-KE: ankle dorsiflexion with knee extended 
test; ADF-KF: ankle dorsiflexion with knee flexed test; HAB: hip abduction test; HIR, hip internal rotation test; HER: hip external 
rotation test; HAB-HF: hip abduction with hip flexed 90º test; HF-KE: hip flexion with knee extended test; KF: knee flexion test; 
HF-KF, hip flexion with knee flexed test. 
4. Discussion 
To the best of our knowledge, this is the first study reporting the LEFP in youth IH players. The analysis 
of the ROM values has shown some negative sport-derived adaptations in these athletes, such as tightness 
and asymmetries that should be taken into account by coaches and physical trainers to design long-term 
training models for IH players.  
When the LEFP of youth competitive IH players was compared with the reference values of the general 
population (from 18 to 60 years old), a decrease in ROM was found in most hip movements (HAD-HF, HER, 
HAB, HAB-HF, HF-KE, and HF-KF) and for the knee flexors (KF). This decrease in ROM may be due to lower 
extensibility of the gluteus, pyramidal, fasciae latae tensor, hamstrings, quadriceps, and adductors among 
other joint tissues [63]. Most of the players included in this study fall in an age range corresponding to the 
maximum rate of growth [64]. This puberty process (commonly known as “adolescent motor awkwardness”) 
might generate a growth-related decrease in muscle flexibility (mainly in postural and biarticular muscles) that 
may result in significant restrictions of movements described above [21,22]. A second reason for these 
diminished ROM values in youth IH players may be partially explained by the impact of the systematic practice 
of IH (2–7 years competing in IH, 8–11 months/year, 2–3 training day/week, 3–7.5 h/week, and an IH 
competition a week) on the development of body posture. In addition, IH players also were not doing 
conditioning work that might help improve flexibility. From a biomechanical skating point of view, previous 
studies have shown that gluteus, pyramidal, fasciae latae tensor, hamstrings, quadriceps, and adductors are 
extensively used in the different phases of ice skating and speed skating [65–67]. A movement perpendicular 
to the direction of displacement (IH players kick out to the side), with a marked abduction and external 
rotation of the hip together with a lower plantar flexion, is characteristic of the push-off phase in skating [65–
67]. In this phase, a total hip and knee extension is also performed [68–70]. The high concentric and eccentric 
loads of the muscles performed in skating actions could make alterations in the mechanical and neuronal 
properties of the muscle–tendon units, including a decrease in normal muscle extensibility and joint ROM 
[25,26,65,66].  
On the contrary, IH players displayed higher HE, ADF-KE, and HIR values than the general population. It 
seems that the dynamic movements performed in the push-off (HE) and gliding (HIR and ADF-KE) phases 
 increase the extensibility of the iliopsoas, external rotator muscles, and gastrocnemius [67,68]. For example, 
several authors have shown that optimal extensibility (iliopsoas, adductors, hamstrings, quadriceps, gluteus, 
and gastrocnemius), which allows a normal and specific ROM of IH players, can increase the efficiency and 
speed of skating, and enhance lower limb and puck handling skills [8,69,70].  
Comparing the LEFP of youth IH players with those recently published for elite IH players [37], we observe 
that youth IH players displayed lower values in ADF-KE (−2º), ADF-KF (−1.3º), HAB (−2.2º), HER (−9.4º), and 
HF-KE (−4.6º). On the contrary, youth players showed higher values for HE (+2.4º), HIR (+24.5º), KF (+16.7º), 
and HF (+2.2º). Based on the ROM-SPORT battery measurement variability [42,43] which considers the 
minimum detectable change (MDC95), the only differences based on practical significance are those obtained 
for HIR and KF. These higher ROM in both movements is possibly the result of accumulated years of experience 
of the senior IH players (mean of 13.55 years of experience).  
Interestingly, our results differ from those described for college ice hockey players [32]. We observed 
that youth IH player displayed lower values of HE (10.8º vs. 24.3º), HAD-HF (26º vs. 27.1º), HAB (36.7º vs. 
44.5º), and HF-KE (66.3º vs. 99.9º) and higher values for HIR (46º vs. 28.1º) and HER (60.6º vs. 28.9º). In 
addition, Tyler et al. [36] reported in professional ice hockey players higher values in ABC (45.8º vs. 36.7º) 
than those reported in our study. The different hip patterns, with higher HE, HAB, and HF-KE values in ice 
hockey players, may be due to technical movements with a greater ROM in ice hockey (i.e., trunk flexion in a 
defensive posture and face-offs positioning, abduction and hip extension during the forward skating stride). 
On the contrary, the lower HIR and HER values observed in ice hockey players may be due to a higher volume 
of intense loads on the hip rotator muscles that stabilize the hips, since ice hockey requires greater demands 
for power, speed, and hostility than those for IH. The poor flexibility shown in these joint ROMs may also 
reflect an adaptive response to IH practice of the articular soft-tissue that helps to improves stability at the 
specific joint [71]. 
In support of this assumption, Hogg et al. [72] found variability in ROM values between different sports. 
It has also been demonstrated that age (U15, U22, and senior) [4,22,54], maturation [22], and competitive 
level (elite, university elite, and elite U15) [73–75] significantly influence differences in ROM, especially in the 
hip. In addition, these results may be influenced by a lack of attention to flexibility training or foam rolling 
practices, which were limited and often non-existent based on the questionnaires completed by participants 
in this study. One of the main contributions of the present study is the use of the ROM-SPORT battery that 
allows an adequate fixation of the pelvis thanks to the help of an assistant examiner and Lumbosant, which 
has been shown to produce lower ROM values than those previously reported in the literature [76–79]. To 
compare results and to establish references values and LEFP, the protocols employed by researchers to assess 
ROM should be homogenized.  
Etiological studies have considered asymmetry as an important risk factor for sports injuries [80–83]. 
Few players (between 0.74% and 17.6% of total players depending on the type of movement) were identified 
as having asymmetry in the individual analysis. The number of players showing asymmetry was low, 
asymmetries were observed in HAB (n = 13), HAD-HF (n = 9), HE (n = 7), ADF-KE (n = 5), HER (n = 4), ADF-KF (n 
= 4), HIR (n = 2), HAB-HF (n = 1), HF-KE (n = 1), HF-KF (n = 1) ROMs. The results of the present study are in 
accordance with those reported by Cejudo et al. [37], who observed a low ratio of IH players with asymmetries 
(between 5% and 40% of total players). These asymmetries were reported for HIR (n = 8), HE (n = 6), HAD-HF 
(n = 6), KF (n = 4), HAB (n = 2), ADF-KE (n = 2), and HER (n = 2). A push off of both skates against the same 
ground conditions and the equality of turns in both directions may explain why we observed few cases of 
asymmetry [60,70]. 
Individual analysis indicated that a large number of IH players (between 2.7% and 100% of total players 
measured) demonstrated limited ROM in 10 of the 11 assessed movements. Cejudo et al. [37] showed similar 
results (between 20% and 100% of the total players measured) with limited ROM in all movements, except 
HAB in elite IH players. In both studies, no players showed tightness in HAB. In these studies, the cutoff score 
used (HAB: 28°) was selected as being the lowest cutoff score reported in the literature [55]. This value is specific 
to football players where the predominant hip movements are in the sagittal plane as flexion and extension, 
while the specific IH movement “kicks out the side” implies hip abduction [84]. The different patterns of hip 
movements in both sports could explain the absence of players with limited HAB. The muscular tightness 
observed in this study may be a result of a growth-related decrease in muscle flexibility and the high physical–
technical demands of IH. In addition, another important factor that justifies the high number of players with 
muscle tightness is the lack of a stretching program as revealed by the questionnaires. The application of 
 stretching will facilitate improved muscle development, whilst avoiding the negative effects (muscle tightness 
and asymmetry) caused by regular practice of IH [28,85,86]. 
The individual analysis performed in this study to identify muscle asymmetry and tightness is a useful 
tool to detect athletes with an increased likelihood of sports injury [22,37,87]. This individual analysis may 
also help to understand the mechanism of the most prevalent injuries in IH associated with muscle tightness 
[88] such as a sprained knee, and lumbar and adductor muscle injuries [3,5,89]. Future studies should 
established specific cut-off values for IH players since those available in the literature have been established 
for other sports, predominantly soccer. In addition, extrapolation of ROM data from ice hockey may be 
undertaken with a degree of caution, due to the technical differences between both hockey modalities, such 
as the skating phases or the type of surface [3–5]. 
Practical Application 
An important strategy for minimizing the risk of injury is to acertain the sport’s chronic adaptations to 
muscle flexibility during growth and maturation in youth IH players. The ROM-SPORT battery used in this study 
to determine the LEFP could be used by coaches and physical trainers to identify muscular tightness and 
asymmetry in youth IH players. This ROM assessment would be especially useful during the period of maximal 
rate of growth, which may result in a growth-related decrease in muscle– 
tendon flexibility. ROM data can be used as a reference to design stretching exercises or to increase the 
stretching training load to achieve optimal ROM values for this sport, and consequently, decrease the risk of 
injury. This stretching training should be established at a young age (6 years) to train general motor abilities 
including flexibility and aid movement competency, which can both enhance performance and manage injury 
risk [38].  
5. Conclusions 
The range of motion values that define the lower-extremity flexibility profile of youth IH players are 10.8º 
for HE, 26º for HAD-HF, 33.6º for ADF-KE, 38.6º for ADF-KF, 36.7º for HAB, 46º for HIR, 60.6º for HER, 65.1º 
for HAB-HF, 66.3º for HF-KE, 119.7º for KF, and 133.7º for HF-KF. The individual analysis of the lower-extremity 
flexibility profile identified limited ROM in all IH players for one or more of the analyzed movements, except 
for HAB. A low prevalence of asymmetries was observed (range between 5.4% to 17.6% of players, depending 
on the movement). 
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